Introduction {#Sec1}
============
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                \begin{document}$$_{3.1}$$\end{document}$In recently came into focus, because a quantum critical point (QCP), accompanied by non-Fermi liquid behavior, was reported to occur upon chemical substitution of the Sc site by Lu \[[@CR1]\]. The QCP was found to occur at a critical composition $\documentclass[12pt]{minimal}
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                \begin{document}$$x_{\mathrm{c}}=0.035\pm 0.005$$\end{document}$ as evidenced by an analysis of the magnetization data as well as muon-spin relaxation measurements. This was a remarkable observation as Sc$\documentclass[12pt]{minimal}
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                \begin{document}$$_{3.1}$$\end{document}$In is a rare example of an itinerant ferromagnet composed of non-magnetic elements for which quantum critical behavior has been investigated. Close to $\documentclass[12pt]{minimal}
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                \begin{document}$$x_{\mathrm{c}}$$\end{document}$, a logarithmic divergence of the specific heat and a linear temperature dependence of the resistivity indicate non-Fermi liquid behavior. The reduced crystallographic dimensionality (associated with quasi-1D Sc-In chains) favours strong spin fluctuations, which give rise to the magnetism, which is well described by a modified Curie--Weiss-*like* law for weak itinerant ferromagnets \[[@CR2]\].

For investigating the spin dynamics of itinerant magnets, the technique of electron spin resonance (ESR) has proven to be a powerful tool \[[@CR3]--[@CR5]\], since the exchange enhancement of spin-lifetimes enables strong and narrow lines \[[@CR6], [@CR7]\]. Early ESR results on Sc$\documentclass[12pt]{minimal}
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                \begin{document}$$_{3.12}$$\end{document}$In reveal a spin resonance with a lineshape typical for itinerant resonant spins \[[@CR8]\]. An investigation of the ESR in (Sc$\documentclass[12pt]{minimal}
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                \begin{document}$$_{3.1}$$\end{document}$In should, in principle, enable us to observe how changing the ferromagnetic correlations with Lu substitution influences the linewidth.

Experimental {#Sec2}
============

We used polycrystalline samples of (Sc$\documentclass[12pt]{minimal}
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                \begin{document}$$x=0$$\end{document}$, 0.02, 0.025, 0.03, and 0.04. Their preparation along with their magnetic, transport, and thermodynamic properties is reported in Ref. \[[@CR1]\]. The composition Sc$\documentclass[12pt]{minimal}
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                \begin{document}$$_{3.1}$$\end{document}$In yields the highest paramagnetic moment $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu _{\mathrm{PM}}=1.3\mu _{\mathrm{B}}$$\end{document}$/F.U. and a Curie temperature $\documentclass[12pt]{minimal}
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                \begin{document}$$T_{\mathrm{C}}=4.5$$\end{document}$ K. It was shown \[[@CR1]\] that a non-mean field description was most accurate for describing the magnetism in this compound, which also resulted in the highest $\documentclass[12pt]{minimal}
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                \begin{document}$$T_{\mathrm{C}}$$\end{document}$ at the Sc:In = 3.1:1 composition.

The ESR measurements were performed at X-band ($\documentclass[12pt]{minimal}
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                \begin{document}$$\nu =9.4$$\end{document}$ GHz) and Q-band frequencies ($\documentclass[12pt]{minimal}
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                \begin{document}$$\nu =34.1$$\end{document}$ GHz) using a commercial spectrometer together with a He-flow cryostat allowing for temperatures between 1.6 and 300 K to be considered. ESR probes the absorbed power *P* of a transverse magnetic microwave field as a function of a static and external magnetic field *B*. To improve the signal-to-noise ratio, we used a lock-in technique by modulating the static field, which yields the derivative of the resonance signal d*P*/d*B*.
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                \begin{document}$$B_{\mathrm{res}}$$\end{document}$ of the measured ESR spectra, we utilized a metallic Lorentzian shape \[[@CR5], [@CR9]\]. This shape contains a dispersion-to-absorption ratio $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\alpha$$\end{document}$ that describes microwave dispersion from the skin effect but also mimics the more general shape for itinerant resonant spins (conduction electrons), the so-called Dysonian lineshape \[[@CR10], [@CR11]\]. This "Dysonian" is crucially determined by the diffusion of the resonating spins through the microwave penetration depth $\documentclass[12pt]{minimal}
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                \begin{document}$$\delta$$\end{document}$ of the conductive environment. The ratio between the average time of diffusion within $\documentclass[12pt]{minimal}
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                \begin{document}$$\delta$$\end{document}$ and the time of electron spin relaxation, $\documentclass[12pt]{minimal}
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                \begin{document}$$T_{\mathrm{D}}/T_{2}$$\end{document}$, is related to the asymmetry parameter *A* / *B* which is the ratio between the maximum and minimum of the d*P*/d*B* lineshape. $\documentclass[12pt]{minimal}
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                \begin{document}$$A/B=2.7$$\end{document}$ refers to the local, stationary case with $\documentclass[12pt]{minimal}
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                \begin{document}$$T_{\mathrm{D}}/T_{2}\rightarrow \infty$$\end{document}$ for which a dispersive Lorentzian shape is applicable.
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                \begin{document}$$\delta$$\end{document}$ was about 1 μm at the lowest temperatures where $\documentclass[12pt]{minimal}
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                \begin{document}$$\rho \approx 20 \, \upmu \Omega {\mathrm cm}$$\end{document}$ \[[@CR1]\]. Thus, with a sample thickness of about 0.5 mm, the case of a 'thick metal plate' in Dyson's theory applies.

Results and Discussion {#Sec3}
======================

The previously reported ESR results obtained on polycrystalline plates of Sc$\documentclass[12pt]{minimal}
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                \begin{document}$$_{3.12}$$\end{document}$In \[[@CR8]\] could be nicely reproduced with our samples of (Sc$\documentclass[12pt]{minimal}
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                \begin{document}$$x=0$$\end{document}$. Figure [1](#Fig1){ref-type="fig"} shows the evolution of the ESR lines with Lu for $\documentclass[12pt]{minimal}
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                \begin{document}$$T=5$$\end{document}$ K. In terms of a Dyson lineshape analysis, the line asymmetry *A* / *B* shows only small changes: $\documentclass[12pt]{minimal}
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                \begin{document}$$A/B=5\pm 0.7$$\end{document}$ for all investigated Lu concentrations. Assuming the 'thick metal plate' case in Dyson's theory, these *A* / *B* values mean that $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.24<T_{\mathrm{D}}/T_{2}<0.55$$\end{document}$, values typical for itinerant resonant spins.Fig. 1ESR spectra of (Sc$\documentclass[12pt]{minimal}
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                \begin{document}$$_{3.1}$$\end{document}$In. The solid lines denote a fit by a metallic Lorentzian function, which yields the linewidth and resonance field. The asymmetry parameter $\documentclass[12pt]{minimal}
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                \begin{document}$$x=0$$\end{document}$) shows an additional negative lobe which develops with decreasing temperature, as shown in the inset of Fig. [1](#Fig1){ref-type="fig"}. This spectral feature was also observed previously \[[@CR8]\] and cannot be described well by a metallic Lorentzian (solid line in Fig. [1](#Fig1){ref-type="fig"}, $\documentclass[12pt]{minimal}
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                \begin{document}$$\alpha =9$$\end{document}$, i.e., a shape with a huge dispersion part, see discussion below). It shows a weak dependence on the polycrystal orientation in the magnetic field and, hence, might originate from demagnetisation effects in the proximity of magnetic ordering. It is worth noting that a very similar lineshape was recently observed in the ESR investigation of localized Nd$\documentclass[12pt]{minimal}
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                \begin{document}$$^{3+}$$\end{document}$ ions in the semimetal YBiPt, where highly mobile conduction electrons in the skin depth lead to the metallic and diffusive Dysonian lineshape \[[@CR12]\].

The investigated samples with different Lu concentration have comparable penetration depths (because of their similar resistivity \[[@CR1]\]). Hence, with Lu substitution, the increasing linewidth should result in more symmetric lines, i.e., *A* / *B* is expected to decrease. This is because a line broadening with Lu substitution means a decrease of $\documentclass[12pt]{minimal}
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                \begin{document}$$T_{\mathrm{D}}/T_{2}$$\end{document}$ (decrease of *A* / *B*) should be observed \[[@CR10]\]. Unfortunately, within the possible accuracy in determining *A* / *B*, we could not resolve clear changes in $\documentclass[12pt]{minimal}
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We used a metallic Lorentzian line fitting (solid lines in Fig. [1](#Fig1){ref-type="fig"}) to extract $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta B$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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The resonance field varies only weakly with temperature and there is no clear feature seen around $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$T_{\mathrm{C}}$$\end{document}$. For $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$T=5$$\end{document}$ K, an ESR g value of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.01\pm 0.01$$\end{document}$ (as calculated from the resonance condition $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$g\mu _{\mathrm{B}}B_{\mathrm{res}}=h\nu$$\end{document}$) characterizes the spectra of all investigated (Sc$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$_{1-x}$$\end{document}$Lu$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$_{x}$$\end{document}$)$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$_{3.1}$$\end{document}$In compounds.

Conclusion {#Sec4}
==========
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                \begin{document}$$_{3.1}$$\end{document}$In shows a typical Dysonian lineshape for all investigated Lu concentrations which establishes itinerant resonant spins. Their relaxation behavior is consistent within a picture for exchange coupled spin-systems, i.e., the linewidth is determined by the inverse of the magnetization.
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